ABSTRACT Aim: We investigated socio-economic and geographical determinants of hospital care for viral gastroenteritis in young children.
INTRODUCTION
Diarrhoeal diseases account for 750 000 deaths annually, making diarrhoea the second leading cause of death in children globally under the age of 5 beyond the neonatal period (1) . In a high-income country like Sweden, children rarely die due to gastroenteritis, but it is still one of the most common causes for hospitalisation of young children (2) . The large majority of gastrointestinal infections in high-income countries are caused by viruses (3, 4) , with rotavirus as the main pathogen of the more severe forms (2) .
The usual reason for hospital care related to gastroenteritis is dehydration, and the treatment is intense oral or intravenous rehydration. Oral treatment, if initiated early, can often also be applied by parents in the home with support from primary care (5) . Because of this, hospital admissions for viral gastroenteritis have been included among the potentially avoidable hospitalisations for ambulatory care-sensitive conditions developed by the US Agency of Healthcare Research and Quality as indicators of quality in primary care for children (6) (7) (8) (9) . Primary care in Sweden is organised and funded by 21 independent counties with considerable freedom in providing care within a framework of universal access. Indicators to compare the quality of primary care have been developed for adults (10) , but so far not for children.
Childhood is a particularly important and vulnerable period in life in the development of health inequalities and disparities (11) . Studies in high-income countries have shown that children in households with low socioeconomic status (SES) are more often born preterm and small-for-gestational age (7), more often suffer from asthma (12) , autism spectrum disorders (13) , lower respiratory tract infections (14) and more often victims of severe unintentional injuries (15) than children in high-SES households.
Key notes
Viral gastroenteritis is a major cause of hospital admissions in children in high-income countries. Offspring of parents with short education, psychiatric disorders and/or a non-European country of birth have an increased risk for hospital care due to viral gastroenteritis. Information about oral rehydration therapy should be provided in ways that are accessible also to parents with low health literacy.
Although the link between poverty and gastrointestinal infections is firmly established in low-and middle-income countries, through the lack of access to clean water, there are few previous studies about the association of gastroenteritis with SES in high-income countries (16) .
In this study, the primary aim was to investigate socioeconomic determinants of hospital care caused by viral gastroenteritis, admissions, as well as outpatient care in the emergency department in a high-income country like Sweden. A secondary aim was to evaluate the variation in hospital care for gastroenteritis by county as a potential quality indicator of primary care.
METHODS
There is a long tradition of national registers with highquality data on health and socio-economic indicators in Sweden. Linkage of data from these national registers is made possible by the unique personal identity number assigned to all Swedish residents (17) . The study was approved by the ethics committee in the Stockholm region in January 2017 (dnr 2016/2380-32).
Study population
The study population consisted of the 752 078 children, from 543 489 families, who were born alive during 2006-2012 with a recorded gestational length between 22 and 45 weeks according to the Medical Birth Register. The children were linked to their parents through the MultiGeneration Register and followed from birth to their fifth birthday, emigration, date of death or December 31, 2013 in the National Patient Register, whichever came first. The follow-up period ended in 2013, before rotavirus vaccination was introduced in two Swedish counties in 2014 (17) .
Outcomes
The outcomes in this study were first admission and first episode of outpatient care in the emergency department (ED) because of viral gastroenteritis according to the Swedish National Patient Discharge Register. Viral gastroenteritis was defined in this register by a main or complimentary discharge diagnosis of A08-A09 according to the 10th version of the International Classification of Disease (ICD-10), excluding the presence of a diagnosis of A04-A07. If outpatient care that fulfilled these criteria was recorded at the same day as a hospital admission, the outpatient care record was deleted. The quality of the coverage and the quality of diagnoses in this register have been evaluated and found to be high (18) .
Covariates
The following covariates in this study were retrieved from the Medical Birth Register: sex, gestational age of the child (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) , 33-36,37-41 and 42-45 weeks), birth order (1, 2-3, >3), maternal age at the birth of the child (<25, 25-29, 30-34, >34 years), cohabitation of parents during pregnancy (yes/no) and maternal smoking during pregnancy (yes, no, missing). Household disposable income, maternal education and place of residency were retrieved the year before the child was born from the Longitudinal Integration Database for Health Insurance and Labor Market Studies (LISA) database.
Maternal education was divided into four categories: 0-9 years (Swedish primary school), 10-12 years (upper secondary school), 13-14 years (short post-secondary education) and 15+ years (university degree). Place of residency was categorised as major cities including Sweden's three largest cities, Stockholm, Gothenburg and Malm€ o, other cities including other predominately urban municipalities and the category rural residency covered the remainder. Disposable household income was calculated by Statistics Sweden according to an algorithm that takes into account all taxed incomes, including transfers, subtracted by taxes and divided by the number of consumer units in the household. Quintiles of disposable income were calculated within each yearly birth cohort in the Medical Birth Register. Parental country of birth was split into four subcategories: non-European (both parents born outside Sweden and at least one parent born outside the European continent), European (both parents born in Europe outside Sweden), mixed (one parent born in Sweden and the other outside Sweden) and Swedish (both parents born in Sweden).
Indicators of maternal and paternal psychiatric disorders and disorders associated with substance abuse were created with information on hospital admissions in the National Patient Discharge Register before the birth of the child. Psychiatric disorders were defined as a main ICD-10 diagnosis at discharge from a hospital with a diagnosis of F20-F99 and no diagnosis in the F10-F19 area. F10-F19 defined disorders related to substance abuse.
Statistical analysis
Person-time in the study was calculated from date of birth to date of first hospital admission/first episode of outpatient care in the emergency department of a hospital with a diagnosis of viral gastroenteritis, as defined above, date of death, date of emigration or end of follow-up, whichever came first. Firstly, we estimated hazard ratios (HRs) of person-time by Cox regression for inpatient and outpatient hospital ED care separately, as defined above, with 95% confidence intervals. We used three consecutive models. Model 1 presents our covariates adjusted individually with adjustment for the basic confounders year of birth and sex only. In Model 2, we calculated estimates for the main socio-economic and demographic covariates adjusted for each other. Model 3, finally, was conceived as an extension of Model 2, additionally adjusted for gestational age, parental psychiatric disorder, substance abuse and maternal smoking during pregnancy, as potential mediators of effects of the socio-economic and demographic indicators.
Secondly, we wanted to assess county differences in the Cox regression analysis. To this end, we estimated the HRs of each county relative to the largest county, Stockholm, in a model adjusted for year of birth, maternal age and education and parental country of birth. To assess the county differences in the ratio of children in outpatient care relative to inpatient care, we calculated a quota for each county of the percentage of children in outpatient care for viral gastroenteritis divided by the percentage of children in inpatient care. All analyses were conducted using the SPSS version 24.0 (IBM, Illinois, 2016).
RESULTS
In total, 23 113 (3.1%) children from the study population were admitted at least once with a discharge diagnosis of viral gastroenteritis, 70 422 (9.4%) children were treated in outpatient care in the emergency department (ED) with this diagnosis, while 0.8% were treated at least once in both outpatient ED and inpatient care.
Socio-economic and socio-demographic differences Table 1 presents a cross-tabulation of incidence rates by covariates. Children born very preterm had the highest overall admission rates, 6.2% for weeks 22-28, while their rates for ED care were more similar to the general population,10.8% for weeks 22-28. Children with parents of non-European origin had the highest rates of ED care, 13.5%. The incidence showed a clear gradient by mother's age, 3.7% difference between the youngest and the oldest groups, and education, 3.6% difference between the lowest and the highest groups. Table 2 shows the Cox regression analyses for inpatient and ED outpatient care. In Model 2, adjusted for all socioeconomic and demographic factors, the risk of hospital care for gastroenteritis for both inpatient and outpatient care increased with decreasing maternal age and lower level of education. For mothers younger than 25 years, the hazard ratios (HRs) were 1.17 (95% CI: 1.12-1.23) for inpatient and 1.15 (95% CI: 1.12-1.19) for ED outpatient care compared with those older than 35 years at the birth of the child. For education, children with mothers with less than 9 years of education had HRs of 1.24 (95% CI: 1.18-1.30) and 1.28 (95% CI: 1.24-1.31) for outpatient care compared with children with mothers with at least 15 years of education. The gradient observed remained constant after the inclusion of potential mediators in Model 3. In contrast, there were minimal differences by disposable household income for inpatient as well as outpatient care in the adjusted Model 2.
Compared with children with two Swedish-born parents, children with non-European parents showed consistently higher HRs for inpatient, 1.19 (95% CI: 1.14-1.24), and outpatient care, 1.59 (95% CI: 1.56-1.63), while such differences in risks were small for children with European and one Swedish-born parent. Compared to children living in major cities, those living in rural municipalities had systematically lower HRs, 0.86 (95% CI: 0.82-0.90) for inpatient and 0.68 (0.66-0.70) for ED outpatient care. The above-mentioned differences remained stable after the inclusion of mediator factors in Model 3. Table 3 shows the variation in incidence and hazard ratios of the two indicators of hospital care for gastroenteritis by county of residency at birth. The incidence per 100 personyears varied from 1.16 (V€ asterbotten and J€ amtland) to 0.35 (Uppsala) for inpatient care and from 3.49 (Uppsala) to 1.11 (Norrbotten) for outpatient ED care. These relative differences remained when HRs were calculated and adjusted for year of birth, maternal age, education and parental country of birth. The relation of ED outpatient to inpatient care also differed greatly between counties, with Uppsala having a quota of 10 outpatients to one inpatient, while the northern regions (J€ amtland, V€ asterbotten, Norrbotten, V€ asternorrland) all had a quota of <2.
County differences

DISCUSSION
In this register-based study of a Swedish national cohort of more than 750 000 children below five years of age, we found an increased risk for hospital care due to viral gastroenteritis in children of young mothers, of mothers with short education, of single parents and of mothers with mental health problems and in children of parents born outside Europe. The risk was also increased in children born preterm. In contrast, the material resources of the family, as indicated by the household disposable income, were only marginally associated with hospital admissions because of viral gastroenteritis. The hospital admission and outpatient ED rates also varied considerably by county, with a fourfold difference between the counties with the highest and lowest rates.
The results of this study do not support the hypothesis that the material resource of the family is an important determinant of severe gastroenteritis in a high-income country like Sweden, as it is in low-income countries (1). In Sweden and most other high-income countries, clean water is provided to all residents by the society and kept under close surveillance. This eradicates the most important cause of gastrointestinal infections associated with the material resources of the family. Instead, it seems that it is the human resources of the household that determines hospital admissions for gastroenteritis in Sweden; a long parental education, having native Swedish parents and healthy parents above 25 years of age seem to be important protective factors. These human resources might be translated into knowledge, experience and ability to care for a sick child. A concept that summarises this is health literacy which has been defined as the degree to which individuals have the capacity to obtain, process and understand basic health information and services needed to make appropriate health decisions. (19) . Health literacy is a shared function of social and individual factors, determined by individual skills and mediated by education (20) . Studies in adult populations in North America have shown that health literacy is associated with preventable hospital admissions (21, 22) .
The gradient for preterm was steeper for inpatient than for outpatient ED care, suggesting that both parental careseeking behaviour and a higher tendency for clinicians to admit these children explained this pattern. Previous studies from Germany (23) and the United States (24) have reported similar associations of preterm birth with hospital admissions for viral gastroenteritis.
There was a considerable variation by county in incidences for both inpatient and outpatient ED care. Counties in northern Sweden, where distances to the hospital for the population can be expected to be the longest, had the lowest ED outpatient care incidences, but average or even high incidence rates for inpatient care. The relation of ED outpatient care to inpatient care differed considerably also between the more densely populated counties in middle and southern Sweden. Uppsala was the extreme example here, with a 10:1 ratio. This variation seems to indicate that other factors than primary care quality, such as distance to the hospital (25) and specific clinical practices in hospitals, are important determinants of incidence rates on the county level. Before these factors have been better elucidated, neither inpatient nor outpatient care incidences of viral gastroenteritis can be recommended as indicators suitable for county comparisons of primary care quality for children in a Swedish context.
The frequency of ED outpatient care was so high, however, that this incidence has a potential as an ambulatory care-sensitive indicator in small areas within the catchment areas of the same hospital, providing that geographical differences to the hospital are minimal. Further studies are needed to evaluate such use.
The strength of the current study includes the use of highquality national register data with multiple socio-economic and demographic indicators in large population-based sample with no more than minimal attrition. An important limitation is the lack of data about the population prevalence of viral gastroenteritis by social groups in Sweden. The clear pattern with stronger associations with indicators related to health literacy than to material resources, however, does not indicate that this is a major problem with this study. It does seem possible, however, that this could confound geographical patterns, as viral gastrointestinal infections may be less common in the less densely populated north than in the more urban south of Sweden. Another limitation is the quality of the data on the education of immigrant parents. Although Statistics Sweden actively collects information about education from immigrants, the quality is not as good as for natives, particularly for university education (26) . This may have led to an underestimation of the risk associated with having immigrant parents through overadjustment for education in the statistical analysis.
The results of this study indicate that health literacy is an important concept to bear in mind in the prevention of hospital care for viral gastroenteritis. Parents with low health literacy can be expected to have difficulties in accessing information in written text, as in leaflets or documents on the Internet (20) . Personal guidance by healthcare professionals is thus important for these parents. The Swedish well-baby clinics, where nurses build a trusting relation during infancy with an average of 14 visits during the child's first 18 months, is a platform well suited for the kind of personal guidance demanded by parents with poor health literacy (27) . For parents with a limited knowledge in the Swedish language, translation of information to the most common minority languages may also be important.
Another way of preventing hospital admissions for viral gastroenteritis is through vaccination. The most common cause of hospital admissions for gastroenteritis, rotavirus, can be effectively prevented with a vaccine. Vaccination with this vaccine started in the Stockholm region in 2014 and has recently been recommended to be included in the national vaccination programme in Sweden. This vaccination has a potential to be particularly important for children with young parents with a short education. Previous studies, however, have shown that vaccines do not always reach the population groups that need them the most (28) (29) (30) . Further studies are needed to investigate how the introduction of this vaccination changes the patterns of sociodemographic risk factors for hospital admissions.
In conclusion, parental indicators associated with a lower level of health literacy increased the risk for hospital care due to gastroenteritis in young children in this study. Information about oral rehydration needs to be provided in ways that are accessible to these parents. Incidence of hospital admissions for viral gastroenteritis cannot be recommended for use as a quality indicator of primary care for children on the county level, but may be of use in quality comparisons between small areas within counties.
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